Abstract. Tumor necrosis factor receptor 2 (TNFR2) is a member of the tumor necrosis factor receptor family. Its high expression and oncogenic roles have been reported in several types of tumors in previous years. However, the clinical implication of TNFR2 in breast cancer (BC) tissue (i.e., not soluble TNFR2 in blood or genetic variation of TNFR2) has not been reported. In the present study, TNFR2 expression was detected in BC tissue using immunohistochemistry and, to the best of our knowledge, it was confirmed for the first time that TNFR2 was positively associated with increased tumor size, advanced clinical stage and higher pathological grade. Survival analysis revealed that TNFR2 was positively associated with shorter overall survival (OS) time and disease-free survival (DFS) time. In addition, univariate regression analysis demonstrated that TNFR2 expression (P=0.045), tumor size (P<0.0001), clinical stage (P<0.0001), pathological grade (P=0.002), estrogen and progesterone receptor and human epidermal growth factor receptor 2 (HER2) triple-status (P=0.001) all had a significant impact on the OS rate of patients with BC. TNFR2 expression (P=0.017), age (P=0.011), menopausal status (P<0.0001), tumor size (P=0.016), clinical stage (P=0.005), pathological grade (P=0.002) and estrogen/progesterone receptor and HER2 triple-status (P=0.008) were all shown to significantly impact the DFS rate of patients with BC. Multivariate regression analysis showed that only clinical stage (P=0.024), estrogen and progesterone receptor status and HER2 status (P=0.009) had a significant impact on the OS rate of patients with BC, while TNFR2 expression (P=0.043) and menopausal status (P=0.033) were shown to significantly impact the DFS rate of patients with BC. These data indicated that TNFR2 may perform important roles in the progression and prognosis of BC. This enriches previous understanding about TNFR2 in BC.
Introduction
Breast cancer (BC) is one of the most common female malignant tumors in the world, with increasing incidence (1) . As increasing attention has been paid to early detection in previous years, numerous precancerous diseases, including atypical ductal hyperplasia, ductal carcinoma in situ and atypical lobular hyperplasia, may be treated prior to malignant transformation (2) . However, with the development and combination of traditional therapy methods, including surgery, chemotherapy and radiotherapy, molecular target therapy and endocrine therapy have also contributed to a breakthrough in cancer therapy, and may ameliorate prognosis significantly (3) (4) (5) (6) (7) . However, at present, there remains ~500,000 BC-associated mortalities worldwide every year, which is increasing (8) . Therefore, it is necessary to identify more effective molecular targets for the diagnosis and treatment of BC.
Tumor necrosis factor receptor 2 (TNFR2) is a member of the tumor necrosis factor receptor family (9) . TNFR2 is composed of membrane binding TNFR2 and soluble TNFR2 (sTNFR2). It was initially identified in hematopoietic cells and endothelial cells, and is involved in anti-inflammation, immune regulation, the repair of lung injury induced by lipopolysaccharide and the healing of bone fracture (10) (11) (12) . The high expression of TNFR2 and its pro-progression roles have been previously reported in various types of tumor, including skin tumors, cholangiocarcinoma, myeloma, colorectal cancer and non-Hodgkin lymphoma (13) (14) (15) (16) (17) . However, in BC, clinical studies about TNFR2 were mainly focused on sTNFR2 in the blood, and the clinical implication of TNFR2 in BC tissue remains limited (18, 19) . To the best of our knowledge, the association between TNFR2 in BC tissue with clinical parameters and prognosis has not yet been reported.
In the present study, TNFR2 expression was detected in BC tissue using immunohistochemistry (IHC) and, to the best of our knowledge, the results showed for the first time that patients with high TNFR2 were characterized by increased tumor size, advanced clinical stage, higher pathological grade and poorer overall survival (OS) rate and disease-free survival (DFS) rate. In addition, univariate and multivariate Cox regression analysis detected the impacts of clinical parameters on OS and DFS rate. Table I .
Materials and methods

Patient
IHC. Sections were cut into 3-µm slices and incubated with primary antibodies for TNFR2 (rabbit anti-human; dilution, 1:300; cat. no. 3727; Cell Signaling Technology, Inc., Danvers, MA, USA) at 4˚C overnight. Normal rabbit immunoglobulin G (IgG), instead of antibodies, was used as the negative control. The sections were then incubated with horseradish peroxidase goat anti-rabbit IgG polymer (ready-to-use dilution; cat. no. 9902; Maixin Biotechnology Development Co., Ltd., Fuzhou, China) and stained with 3,3'-diaminobenzidine (cat. no. ZLI-9017; ZSGB-BIO, Beijing, China); cell nuclei were stained using hematoxylin (cat. no. ZLI-9609; ZSGB-BIO). The scores were evaluated a CX31 microscope (Olympus corporation, Tokyo, Japan) by two pathologists (magnification, x400). The proportion of stained cells was recorded in at least 5 random fields. The proportion score represented the fraction of positively stained tumor cells 0, <10%; 1, 10-25%; 2, 26-75%; 3, >75%). The intensity score represented the average staining intensity 0, none; 1, weak; 2, intermediate; 3, strong). The expression score of TNFR2 was calculated as the product of the proportion and intensity scores. Scores ≥4 were classified as high expression, while scores <4 were classified as low expression.
Statistical analysis. SPSS 11.0 software (SPSS, Inc., Chicago, IL, USA) was used for statistical analysis. The association between the expression of TNFR2 and clinical parameters was analyzed using the χ 2 test. Survival curves were drawn using the Kaplan-Meier method and compared using the log-rank test. Cox's proportional hazards regression model was performed to identify factors affecting the OS and DFS rate of BC. P<0.05 was considered to indicate a statistically significant difference.
Results
TNFR2 was positively associated with increased tumor size, advanced clinical stage and higher pathological grade.
A total of 125 BC specimens were divided into 2 groups, according to TNFR2 expression, resulting in 71 cases with low expression and 54 cases with high expression (Fig. 1 ). As shown in Table I , only 4 out of 71 cases in the low TNFR2 group had a tumor size >5 cm, whereas in the high TNFR2 group, a increased number of cases had a tumor size >5 cm (12/54 cases; P=0.006). In total, 12 out of 71 cases in the low TNFR2 group were at stage III, which was significantly less than the 20 out of 54 cases in the high TNFR2 group (P=0.011). A total of 5 out of 71 cases in the low TNFR2 group were pathological grade III, which was significantly less than the 14 out of 54 cases in the high TNFR2 group (P=0.004). The differences between the two groups in age, menopausal status, family history, lymph node involvement, pathological type, estrogen receptor (ER) or progesterone receptor (PR) status and human epidermal growth factor receptor 2 (HER2) status were not significant. This confirmed the positive association of TNFR2 with larger tumor size, advanced clinical stage and higher pathological grade.
TNFR2 is positively associated with poor prognosis. During the follow-up period, there were 4 mortalities out of the 71 cases in TNFR2 low expression group, with an OS rate of 94.36%; however, in the TNFR2 high expression group, there were 8 mortalities out of the 54 cases, with an OS rate of 85.18%. In addition, 10 cases of recurrence or metastasis occurred in the TNFR2 low expression group, with a DFS rate of 85.91%, while in the TNFR2 high expression group, 16 cases of recurrence or metastasis occurred, with a DFS rate of 70.37%. Survival rate was estimated using the Kaplan-Meier method and differences were compared using the log-rank test. The differences in OS rate (P=0.0325; Fig. 1B ) and DFS rate (P=0.0132; Fig. 1C ) between the two groups were revealed to be significantly different. (Table II) .
To ascertain the factors effecting prognosis, multivariate Cox regression analysis showed that only clinical stage (P=0.024) and ER, PR and HER2 triple-status (P=0.009) showed a significant impact on the OS rate of patients with BC. In addition, only TNFR2 expression (P=0.043) and meno-(P=0.043) and menoand menopausal status (P=0.033) showed a significant impact on the DFS rate of patients with BC (Table III) .
Discussion
TNFR2 is encoded by the tumor necrosis factor receptor superfamily 1B (TNFRSF1B) gene (20) . In previous years, it was reported that TNFR2 has important roles in the occurrence and progression of various types of tumor, including skin tumors, cholangiocarcinoma, myeloma, colorectal cancer and non-Hodgkin lymphoma (13) (14) (15) (16) (17) . Jöhrer et al reported that high expression of TNFR2 promoted the metastasis of myeloma cells (15) . Tanimura et al identified that TNFR2 facilitated invasion of cholangiocarcinoma cells through regulating matrix metalloproteinase 9 secretion (14) . A previous study by Mizoguchi et al reported that TNFR2 promoted hyperplasia of mouse colon epithelium and induced carcinomatosis (21) . However, clinical studies investigating TNFR2 in BC are limited. In 1997, Jablonska reported that soluble TNF receptors in patients prior to treatment were higher than in the control, and decreased following the surgery treatment (18) . In 2000, Tesarová et al reported that plasma levels of soluble TNF receptors may act as a non-specific marker of the untreated BC (19) . Xu et al (2014) reported that TNFR2 gene polymorphism in the peripheral blood was associated with risk of BC (20) . However, these studies were limited to sTNFR2 in BC, but did not investigate TNFR2. In 2005, a study by Mestiri et al demonstrated that the 196R-TNFRII allele showed a significant association with increased OS and DFS in patients with BC (22) . This previous study focused on genetic variation in TNFR2, but not TNFR2 itself. In 2006, García-Tuñón et al reported that TNFR2 was higher in in situ carcinoma than in benign breast diseases, and even higher in infiltrating tumors, but no further analysis was performed (23) . In the present study, TNFR2 expression was detected in BC tissue using IHC and, to the best of our knowledge, its association with clinical parameters and prognosis was analyzed for the first time. TNFR2 was revealed to be positively associated with increased tumor size, advanced clinical stage and higher pathological grade. This is consistent with the effects of TNFR2 on malignant behaviors of tumor cells reported previously, including proliferation, migration and invasion (14, 24) .
In addition, survival analysis confirmed that TNFR2 was positively associated with poor OS and DFS rates, in accordance with prognostic effects of the 196R-TNFRII allele. This indicated that TNFR2 has an independent role in Table I . Association between tumor necrosis factor receptor 2 and clinical parameters of patients with breast cancer. predicting the prognosis of BC. During the follow-up period, almost all patients accepted different types of adjuvant therapies, including chemotherapy, radiotherapy, immunomodulatory therapy and even Chinese herbal therapy.
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According to ER, PR and HER2 status and economical capability, patients accepted hormonal therapy or molecular target therapy to a different degree. All the treatments may play a role in prognosis. However, the present study aimed to analyze the roles of TNFR2 in prognosis. Therefore, the association of all the adjuvant therapies with prognosis was not investigated. BC is a complicated disease and its prognosis may be effected by different factors, including age, menopausal status, clinical stage, pathological grade and receptors on the tumor cell surface (25) (26) (27) . Tumor cells at an advanced stage usually possess higher malignant behaviors, including proliferation, migration, invasion and drug resistance, and lose surgery opportunity, resulting in poor prognosis (28, 29) . Triple negative BC (TNBC) is a distinct subgroup of BC that has been shown to exhibit negative ER, PR and HER2 expression, and was characterized by more aggressive behavior compared with non-TNBC (30) . In addition, patients lacking expression of ER, PR and HER2 cannot benefit from endocrine therapy and molecular targeted treatments for HER2, which is effective for ameliorating prognosis (6, 7, 31) . In the present study, univariate and multivariate Cox regression showed that clinical stage and ER, PR and HER2 triple-status may significantly impact the OS rate of patients with BC. Univariate and multivariate Cox regression showed also that TNFR2 expression and menopausal status may significantly impact the DFS rate of patients with BC. This can be explained by the important role of estrogen in BC occurrence and the impact of TNFR2 on malignant behaviors of tumor cells.
However, the present study had certain deficiencies. Since all the samples were from local patients, data evidently had regional limitation and the results could not embody the implication of TNFR2 universally. Furthermore, only 125 BC samples were involved, and the limited number of cases also restricted the reliability of the present study. In addition, establishment of a validation cohort may make the results more convincing.
In conclusion, the present study verified the important roles of TNFR2 in progression and prognosis of BC and enriched the understanding of the roles of TNFR2 as an effective target for BC therapy. 
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